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NOTICE: When government or other drawings, speci=
fications or other data are used for any purpose
other than in connection with a definitely related
government procurément operation; the U. S.
Government thereby incurs no responsibility, nor
obligation whatsoever; and the fact that the Govern-
ment may bave formilated, furnished, or in any way
supplied the said drawings, specifications, or other
data is not to be regarded by implication or other-
wise as in any manner licensing the holder or any
other person or corporation, or conveylng any rights
or permission to manufacture, use or sell any
patented invention that may in any way be related
thereto.
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"Intrin~ic Properties of Giant M Stars, II"
Warner and Swesey Cbsecrvatory, Case Institute of Technology

Submitted by: Victor M. Blanco, Chief Investigstor

To: Geography Branch, Office of Naval Research
dashington 25, D, C,

Attentien: Miss Jean Streeter

The study, reported on here, is a centinuation of s study initiated
two years ago under the title "Intrinsic¢ Properties of Giant M Stars.”
The sims of the project sre to:

(a) Obtoin intrinsic color-indices, B-V snd VoI, for the giant M stars.

(b) To determine the varisbility characteristics of gisnt M stars.

The method used to study the color indices called for sll photomgtric
and spectroscopic observations to be performed, if possible, on the same

right, This would permit the spectrsl classifications snd corresponding

of the giant M stars. The B and V obServations were to be made on the
(u, B, V) photometric syster, while the I mognitudes were to be obtained ‘ T
in the system of Kron, Gascoigne, and White (Astrem. J. 62, 205, 1957).

M stars in three distinct sreas were to be chosen for the study.




The study of the varisbility cherscteristics called for repeated
photormetric cbservations of a group of M stars in order to determine for
each subclass what percentage is variable and vwhat the statistics of variability
are.

4s reperted at the end of the first yéar of contract work, color
data for 120 M stars fourd in the surroundings of the clusters M 11,

NGC 6709, and NGC 6885 were ohtiined, &md prelivinary coler indices (B.V)
and (VoI) as funstiens of spectrsl subclass weve derived. Also; 60 M stars
of various subctlasses were observed photemetrically in 4O eposhs.

The one-ycar extension of this research, from February 1, 1662, to
Jamiary 31, 1663, called for thke color study to beé carried cut in the area
SA 158 with photometrie and Speétroseopic material to beé secured at the
Bossche Observatory, Lewbang, Javs, with the cooperation of D¢, PikeSin The.
In addition, the verisbility study was to be extended to M-subiypes earlier
than those coveéred previously ard to include another galectic regicn. The
obscrvational raterinl asserbled at the Crorircen Obsexvolery uwith the

collaboration of Pr, Lukas Piaut was to be used for this purpose,

2. Accomplishnents to date

A. Color studies:

(2) The observationsl material for SA 158 to be collected at the
Bosscha Observétory was not received in Clevelond until the fall of 1962,
Bad weather delayed the effort, but the observations are now corplete.
The plates are currently being measured with the astrophctometer and,

at the time of writing this report, the analysis of the reasurements is

also being conducted. During the sumrer, the undersigned imitisted

use as an slternate for SA 158 in cose the Bosscha observations were not
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corpleted ot the desired time. These observations were completed and the
plates measured and the desired results obtained. i

(o) A grest desl of time snd effort were spent in eliminating the
systeratic errors in the color determinations, in firding the interstellar
reddening effects, and in obtsining a uniform 8ystem of spectrsl
clossification in ell the oréss studied. By uvsing &pectral types obtained
with the infrared-region criteria developed at this Observatory,; the
following intrinsic colors are found, This 1list supercedes the preliminsry
list submitted in the last abnusl report.

Spectral BV
Subtype

Vel By

2

M0 1.5% 13 1.20 13
n 158 20 W R
M2 1.59 16 1.67 29
M3 1,85 16 2,01 26
My 1.50 20 2,35 29
¥ 1.53 2 2,71 33
M6 1,62 17 3.30 30
M7 1.89 6 3.5 15
ng - - L.26 8
M9 -~ - 5.30 2

129 222

The analysis of the photometric meterial for SA 158, which is
being corried out st presemt, may somewhat alter these results. The

above results apply strictly to Case spectral subbypes.
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B, Variability characteristics:

(a) The group of M stars, whose ragnitudes were determined in LO epochs
during the previous year's werk, are found in & region centéred at
eii = 4°, e = +30°. During the péfiéd of the present conmtract, this
group of stars was increased by the addition of 10 stars of &pectral types

MO and M1. In addition, 26 M.type stzrs in a region ééhtéféd‘at.‘fll = 82°,

BII = +10° were observed photometirically in forty epechs. Also; 10 nep-

variable blue sters were measured in a similsr manner in order to obtain
compariscn standsrds fer déciding what constitutes variability. The
reasurerents for this part of the project were carried out at Gromingen,
The Netherlsnds, where Dr, Lukss Plant kindly made évaiiable the required
plates. All the magritude deterrinations were rade in the photogranhic
region of the spectrum; and the LU epochs extended over & 3=year period.

{b) There zppear to be mo significant differerces in vaeriability
characteristics in the two areas studied, Hence the material for the two
areas was combined for further srelysis. After eliminating s few sters
whose identification on the nlates had preved difficuvlt, a total of
85 M stars was availsble,

(c) Using the dispersions sbout the mesn found for the constant stars,
the M astars were subjected to a variance-ratio test at a2 95% level of

significance, The results according to spectral class are:
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Sp. Class No, of Staps  # Variables % Non.Vsrisbles
MO 10 Lo 60
M 8 88 12
" M2 16 €8 12
M3 11 13 27
My ) 100 0
M5 15 87 13
M6 8 5o 50
M7 g " 8o 20
M8 3 100 0

(@) Arong the 85 stars studsed, ¢33 9 showed definite light curves
typical of lohgsperiod varisbles, ThXTest of the stars, which were
suspected of being varisble, show ix.ﬂg-llaf' variability with a dispersion.
sround & mean of sbout 0.2 mag. afteri@oTTection for dbservationsl errors.
This dispersion ves not found to be cf/=¥elated with the spectral class.

3. Fina) Remarks

A request by the undersigned is ¥=i0Z made, corcurrently with this

report, for the extension of the contf®ct period for this study, «ithout
edditionsl funds, until June 30, 1563 The extension will make it
possible to complete the color-index ¢ Werminations for 54 158 and to prepare

and to submit the results of these st/=3¢S for publicstion,

vyd -or M, Blenco, Chief Investigator



